On Sensory
Innervation of Eyelid in Dog. (Received October 15, 1957.) Histological studies on the sensory innervation of the eyelid have been surprisingly few throughout the annals of modern anatomy and little mentionable results have been reported until recently SETO (1949) made a thorough study of the innervation of adult human eyelid and shed a flood of light on this subject. The present author also was given the opportunity of conducting a histological research of the sensory innervation of the eyelids of dog. The materials were fixed in 10% neutral under SETO's method and examining the large series of histological preparations thus obtained undee a microscope, arrived at many interesting findings.
The results I will report hereunder in comparative histological study with the sensory innervation of the adult human eyelid as reported by SETO.
Individual Findings.
The dog's eyelid consists of the layers, counting from the inside outwards, of the conjunctiva palpebralis, the tarsus with MEIBOM's glands, the m. orbicularis oculi and the skin, of which the first and the last join at the lidmargin with eyelashes ( Fig. 1) . Thus, the eyelid of dog is not perceptibly different from that of man in the essential histological structure. In development or mutual arrangement of the various tissues, however, there is a rather marked difference in the canine and the human eyelids. This difference, naturally existing in different species of animals, involves a closely related dissimilarity in innervation, especially the sensory innervation. Therefore, preceding my expostion of the sensory innervation, I will describe the fine structure of the eyelid of dog, pointing out its characteristic features.
The tarsus is of considerably powerful development in dog. It is formed of strong, stout collagenous fibres in close arrangement, containing well-developed MEIBOM's glands, but the conjunctiva palpebralis just inside the tarsus is only a mucous membrane far thinner than that in man. In dog, the propria conjunctivae formed of very few fine collagenous fibres is very thin or even nearly absent in some places and its epithelium directly touches the well-developed tissue of the tarsus. This poor development of the propria plainly suggests the poor sensory innervation of the conjunctiva palpebralis of dog.
The epithelium of the conjunctiva palpebralis on the inside of the tarsus in dog, unlike in man, is a very thin 3-5 rowed uncornified stratified flat epithe-455 lium and is extremely poor in development in the vicinity of the inner edge of the lidmargin, but papillae are formed out of the connective tissue of the propria into the epithelium. In the deep parts beyond the tarsus, the epithelium of the palpebralis gains in thickness and passes over into a stratified cylindrical epithelium. The lid-margin represents the transitional part between the conjunctiva palpebralis of the mucous membrane and the skin, but in nature it is rather more of a mucous membrane than a skin. Its epithelium is of the stratified flat type provided with a thin horn-plate, is far thicker than the epidermis of the skin and even thicker than the stratified flat epithelium of the conjunctiva palpebralis.
The loose connective tissue layer beneath the epithelium is as poorly developed as in the conjunctiva palpebralis and the epithelium often comes into direct contact with the tarsus of powerful collagenous fibres on its outside. Thus, the propria in this part is much weaker in formation than the same in man, leading us to suppose that the sensory innervation would be equally poorer in dog. Besides, the papillae formed out of the propria into the epithelium are also very meagre.
The inner edge of the lidmargin has ducts of MEIBOM's glands opening out here and the outer edge is provided with eye-lashes growing in 2-3 rows. The hair-follicles of the lashes are so well developed as to reach down to the tarsus and the sebaceous glands provided them are also in high development. Conspicuous sweat glands are formed adjacent to the hair radices. These sweat glands corres- pond to the so-called MOLL's glands with very wide lumen found in man, and are also found accompanying the hair follicles in the palpebral skin treated in the following. The skin of the eyelid is conveyed by a thin epidermis incessantly desquamating at the surface. The stratum papillare under the epidermis consists of a loose connective tissue layer. This layer is much poorer developed and far thinner in dog than in man, and almost unexistent in some areas in dog, showing the histological picture as if the epidermis goes over directly into the stratum reticulare of stout collagenous fibres.
As specially mentionable difference of the histology of the eyelid skin of dog from that of man may be enumerated that hair follicles of fine downs as in the latter are not observable but instead hairfollicles only a little inferior to those supplied to eyelashes are in dense growth in dog, and that in its epidermis, very peculiarly formed specific epidermal swellings, as shown in Fig. 14 below, are found. The details on these swellings will be given later and here I will only point out that these represent a strictly specific kind of sensory receptors never to be found in man. In the last place, the m. orbicularis aculi is far poorer in development in dog than in man.
The dog's eyelid is generally rich in sensory fibres but not so much as in man, the relative poverty being especially notable in the conjunctiva palpebralis and above all in the part where it covers the tarsus. Since in man, the propia mucosae of the conjunctiva palpebralis is rather well developed, so simple branched terminations and sensory fibres ending in very small-sized glomerular terminations are not rare, though of course not at all abundant, but in dog, the propria being far from well developed, the sensory terminations here are limited to a very small number of unbranched terminations ending beneath the epithelium, no terminations or end bodies of further complexity being ever observable.
No intraepithelial fibre was found in this part, in dog as little as in man.
As the conjunctiva palpebralis passes beyond the tarsus toward the fornix, the propria of the mucous membrane gains in thickness, comprising a rather large number of loosely arranged fine connective tissue fibres, so the quantity of sensory fibres running into it also rises. These fibres, running close to the underside of the epithelium, end in branched terminations of the simplest type, of which the terminal fibres end always in sharp points. Some of these sensory fibres have thick stems, but usually have moderate-sized stems, and very often show change in size during their courses. Fig. 2 shows a few simple terminations in a section of the conjunctiva palpebralis at some distance from the tarus. All their terminal fibres end sharply just beneath the epithelium.
In Fig. 3 is shown a simple branched termination found in a papillary body near the fornix. This termination is formed of a relatively fine sensory fibre and its terminal fibres, running nearly parallel, end sharply near the basis of the epithelium.
SETO has succeeded in discovering a rather large number of very peculiar well-developed sensory terminations in the human tarsus composed of stout cartilaginous collagenous tissue containing numerous connective tissue cells. These termi- On the outer edge of the lidmargin are found growing rather stout eyelashes which often grow out from the tarsus in the depth, and with this part begins the outside skin of the eyelid. On the pars cutanea of the eyelid we find hair-follicles with hairs finer than the eyelashes but far more well developed than the downs on the same part of man and arranged rather closely. In the haired skin part, as in the other hairy parts, the sensory fibres in the greatest majority end in connection with the hair follicles as sensory hair-nerve fibres, only a very small number forming their terminations in the stratum papillare.
The eyelashes of dog are somewhat weaker in development than the human eyelashes, but the sebaceous glands provided to the former are considerably well developed, surrounding more often the hair-follicle necks all-sidedly.
That is, the hair-follicle necks representing the terminal areas of the sensory hair-nerve fibres here are rather of the cylindrical SETO's hair-nerve tube type than of his hairnerve shield type. The sensory terminations formed therein are consequently rather complex, in general, of plexus-like type by no means simple in form. Sometimes, the terminations are fence-like or serrate in form, as has been found in man, and not rarely some branches from these terminations run up beyond the hair-follicle necks into the stratum papillare to form unbranched or simple branched secondary terminations.
In Fig. 9 , is illustrated a sensory termination of the combined form of plexuslike type and the serrate type found in the specific tissue of the follicle neck of an eyelash. As may be seen in the figure, the terminations of the sensory nerve fibres in the follicle necks of canine eyelashes are usually in simpler form than in man. On the contrary, the terminations of sensory hair-nerve fibres in the palpebral skin are rather much complex in structure in dog than in man, sometimes even more complex than under the eyelashes. This is because the hair-follicles here are far better developed in dog than those of the downs on the human eyelid, the sebaceous glands belonging to the hairs are also better developed and the hair-follicle necks are more often in the shape of hair-nerve tubes.
For example, in Fig. 10 , we see many very stout sensory fibres running into the cross section of a hair-follicle neck, branch out into many branch fibres showing frequent change in size and spreading out widely in peculiar winding courses.
In Fig. 11 are discovered relatively frequently, and it is of special interest that thick sensory fibres rather abundantly invade the connective tissue of the stratum papillare just beneath these specific areas. These fibres form branched terminations which are often of complex type having many branches which run up closely near to the basis of the epidermal specific formations and end in sharp points. Some fine vegetative fibres are also found running into the stratum papillare here and ending in welldeveloped terminal reticula (Fig. 14) .
In short, we find specific epidermal receptors rich in sensory fibres frequently constituted in the pars cutanea of the canine eyelid. It is so much of high interest as such a formation has never been found in the haired skin of any part, either in man or in any other animal. It is easy to surmise that these specific receptors are strictly specific organs to the palpebral skin of dog, but the question of their physiological significance, that is, what kind of stimuli these receptors are sensitive to, cannot be settled by histological studies alone.
Summary.
The canine eyelid shows little essential difference in histology from that of man, but it shows sundry features in the relative development and arrangement of the component parts specific to dog, which stand in close relation to the innervation, especially sensory innervation of the parts.
The tarsus is powerfully formed and contains well developed MEIBOM's glands.
The conjunctiva palpebralis is composed of only a very poorly developed propria and a thin uncornified stratified flat epithelium in the area where it touches the tarsus, but in the deeper part, the epithelium changes into a cylindrical one, the propria becomes thicker and the so-called papillary bodies are formed. The lidmargin is covered by a mucous membrane, of which the epithelium is a stratified flat one of considerable thickness and provided with a horn-plate. But, the development of the propria and the papillae into the epithelium is far worse developed than in man.
The outer edge of the lidmargin is covered by a haired skin, on which grow eyelashes in 2-3 rows, of which the hair-follicles and the sebaceous glands belonging thereto are considerably well developed. This part as well as the cutaneous part of the eyelid have a thin epidermis, under which the stratum papillare is very poor in development, being nearly altogether absent in some places. In this palpebral skin, we must specially mention that instead of the meagre downs on human eyelids hairs with follicles only somewhat inferior to the eyelashes in development are rather densely growing, and that peculiarly shaped epidermal swellings are often formed in the epidermis.
These swellings are of deep interest as no such formation has ever been found in man and seem to be sensory receptors of a specific kind.
The sensory innervation of the conjunctiva palpebralis is much poorer than in man, especially so in the area touching the inside of the tarsus, owing to the extremely poor development of the propria.
Namely, only a very small number of sensory fibres run into it and their terminations are limited to the simplest unbranched type, such glomerular terminations as found in man being never found.
No intraepithelial
fibres have been demonstrated here either. The propria of the conjunctiva after parting from the tarsus and nearing the fornix, however, becomes better developed and the sensory fibres coming into it somewhat increase in number.
These fibres always end subepithelially in simple branched terminations.
The canine tarsus contains sensory fibres though smaller in quantity than in the human tarsus, and their terminations formed therein are also simpler than in man, usually consisting only of simple branched terminations which are mostly formed in the marginal parts of the tarsus, that is, adjacent to the conjunctiva palpebralis and the lidmargin.
The fibres resemble those in the human tarsus only in that they consist in thick fibres frequently changing their size and that their terminal fibres end sharply or bluntly.
Some of these terminations are often found extending from the tarsus into the propria of the palpebralis and the lidmargin.
The propria of the lidmargin is very poor in development, and accordingly the sensory fibres and their terminations in it are also much inferior in development than those in man. So nothing comparable to the very peculiar complex glomerular or loop-like terminations as found in man was ever found in dog, only a few straggling sensory fibres being observed ending subepithelially in unbranched or simple branched terminations.
The outer edge of the lidmargin and the skin part of the lid are covered by a common haired skin, and most of the rather numerous sensory fibres coming into there end in the SETO's so-called hair-nerve shields or tubes in the specific tissue hair-follicle necks as sensory hair-nerve fibres, only a small part ending in the stratum papillare. The eyelashes as well as the hairs on the skin part are provided with well-developed sebaceous glands, so that the hairfollicle necks are mostly of the hair-nerve tube type. Accordingly, the sensory terminations formed in the follicle necks are rather complex in structure, forming plexus-like or serrate terminations. Often a few branch fibres from these terminations are sent out into the stratum papillare. The sensory terminations are formed simpler under the eyelashes, but far more complex under the hairs in the skin part in dog than in man. The stratum papillare of the outer edge of the lidmargin and the gars cutanea contains sensory fibres in a number slightly larger than in man, which end in unbranched or simple branched terminations but their terminal fibres never run further into the epidermis.
In sagittal sections of the pars cutanea of the canine eyelid, the epidermis is often found swelling into the stratum papillare. Interestingly enough, rather numerous sensory fibres are seen invading the stratum papillare lying just beneath these swellings and ending there in comparatively complex branched terminations. The terminal fibres end sharply just beneath the base of the epidermis in very close relation thereto. In short, the sensory innervation of these epidermal swellings is very characteristic and there is no doubt that these formations are of a very peculiar kind of sensory receptors.
